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(57) A parking assistance device includes: a sur-
rounding-image generation circuit (101) that generates
a surrounding image that is a view of surroundings of a
mobile object from above; an image display circuit (102)
thatdisplays an assistance image at a position of anemp-
ty parking space in the surrounding image, the first as-

PARKING ASSISTANCE METHOD AND PARKING ASSISTANCE DEVICE

a turning determination circuit (106) that determines

whether the mobile object is turning. In a case where it
is determined by the turning determination circuit (106)
that the mobile object is turning, the image display circuit
(102) prohibits the assistance image from being dis-
played.

sistance image indicating the empty parking space; and
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to parking assist-
ance methods and parking assistance devices.

BACKGROUND ART

[0002] There have beenknown inventions for assisting
parking operation of the occupant (Patent Literature 1).
Inthe invention disclosed in Patent Literature 1, an empty
parking space is searched for while the vehicle is
traveling. In the case where an empty parking space is
detected, an image indicating the empty parking space
is displayed on a display.

CITATION LIST
PATENT LITERATURE

[0003] Patent Literature 1: Japanese Patent Applica-
tion Publication No. 2008-96362

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] Unfortunately, when a host vehicle is turning,
the states of empty parking spaces around the host ve-
hicle may be erroneously detected. Thus, there is a pos-
sibility of providing wrong information to the occupant of
the host vehicle. The invention disclosed in Patent Liter-
ature 1 has no consideration at this point.

[0005] The present invention has been made in light
of the above problem, and an object thereof is to provide
a parking assistance method and parking assistance de-
vice capable of preventing wrong information from being
provided to the occupant.

SOLUTION TO PROBLEM

[0006] A parking assistance method according to an
aspect of the present invention involves displaying an
assistance image at a position of an empty parking space
in a surrounding image that is a view of an area including
a mobile object from above, the assistance image indi-
cating the empty parking space. The parking assistance
method includes: determining whether the mobile object
is turning; and in a case where it is determined that the
mobile object is turning, prohibiting the assistance image
from being displayed.

ADVANTAGEOUS EFFECTS OF INVENTION

[0007] The presentinvention makes it possible to pre-
vent wrong information from being provided to the occu-
pant.
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BRIEF DESCRIPTION OF DRAWINGS
[0008]

[Fig. 1] Fig. 1 is an overall configuration diagram a
parking assistance device according to an embodi-
ment of the present invention.

[Fig. 2] Fig. 2 is a configuration diagram of part of
the parking assistance device according to the em-
bodiment of the present invention.

[Fig. 3] Fig. 3 illustrates a travel scene for explaining
an operation example of the parking assistance de-
vice according to the embodiment of the present in-
vention.

[Fig.4]Fig. 4 is adiagramforexplaining the operation
example of the parking assistance device according
to the embodiment of the present invention.

[Fig. 5] Fig. 5 illustrates a travel scene for explaining
a different operation example of the parking assist-
ance device according to the embodiment of the
present invention.

[Fig. 6] Fig. 6 is a diagram for explaining the different
operation example of the parking assistance device
according to the embodiment of the present inven-
tion.

[Fig. 7] Fig. 7 is atravel scene for explaining a further
different operation example of the parking assist-
ance device according to the embodiment of the
present invention.

[Fig. 8A] Fig. 8A is a flowchart for explaining an op-
eration example of the parking assistance device ac-
cording to the embodiment of the present invention.
[Fig. 8B] Fig. 8B is a flowchart for explaining the op-
eration example of the parking assistance device ac-
cording to the embodiment of the present invention.
[Fig. 9] Fig. 9 is a diagram for explaining a further
different operation example of the parking assist-
ance device according to the embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0009] Hereinafter, an embodiment of the present in-
vention will be described with reference to the drawings.
The same constituents in the drawings are denoted by
the same symbols, and description thereof is omitted. A
parking assistance device according to the present em-
bodimentis applied to a vehicle in which its driving mode
can be switched between automated driving and manual
driving, but the application is not limited to this example.
The parking assistance device according to the present
embodiment is also applicable to various mobile objects,
such as, for example, industrial vehicles (for example,
trucks), airplanes, aircraft, underwater mobile objects (for
example, sea-bottom probes, submarines), machines
with an inverted pendulum, and cleaning robots. Note
that automated driving in the present embodiment
means, for example, the state where at least one of the



3 EP 3 650 284 A1 4

actuators including the brakes, accelerator, and steering
is being controlled without operation by the driver. It
means that the automated driving includes the state
where at least one of the actuators is being controlled
and the other actuators are being operated by the driver.
Manual driving in the present embodiment means, for
example, the state where the driver is performing neces-
sary operation for traveling such as braking, acceleration,
and steering.

(Configuration of Parking Assistance Device)

[0010] The configuration of a parking assistance de-
vice according to the present embodiment will be de-
scribed with reference to Fig. 1. The parking assistance
device includes a controller 1, cameras 2a to 2d, a steer-
ing angle sensor 3, a steering-wheel angle sensor 4, a
wheel speed sensor 6, a spatial recognition sensor 7, an
input interface 8, a display 9, a vehicle control ECU10,
and an actuator 11.

[0011] The cameras 2a to 2d each have animage cap-
turing device, such as a charge-coupled device (CCD)
or a complementary metal oxide semiconductor (CMOS)
and capture images around the host vehicle. The camera
2a is mounted at a front portion of the host vehicle to
capture images ahead of the host vehicle. The camera
2b is mounted at a rear portion of the host vehicle to
capture images behind the host vehicle. The camera 2c
is mounted at a left side of the host vehicle to capture
images on the left side of the host vehicle. The camera
2d is mounted at a right side of the host vehicle to capture
images on the right side of the host vehicle. Each camera
is attached below the roof of the host vehicle.

[0012] Since each camera is located below the roof of
the host vehicle, it is difficult to display an image actually
captured from information on the host vehicle. In addition,
since the tires of the host vehicle are housed in the wheel
wells, it is difficult to capture images of the outer circle
surfaces of the tires of the host vehicle (side surfaces,
assuming that the tire is a cylinder). In other words, since
it is difficult to capture images of the host vehicle and the
tires of the host vehicle, it is difficult to obtain actual im-
ages of the host vehicle and the tires. For this reason,
instead of an actual image of the host vehicle, an icon of
the host vehicle (an image imitating the host vehicle) de-
scribed later is used.

[0013] Thesteeringangle sensor 3 detects the steering
angle of the host vehicle when the host vehicle is oper-
ating to park into an empty parking space (or by the time
when the host vehicle is parked into an empty parking
space). When detecting the steering angle of the host
vehicle, the steering angle sensor 3 may directly detect
the orientations of tires of the host vehicle or may detect
the steering angle from the angle of the steering wheel
of the host vehicle. The steering angle sensor 3 outputs
the detected steering angle to the controller 1. Note that
the steering angle does not need to be detected all the
time until parking operation is finished, the steering angle
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only needs to be calculated at timings set in advance.
[0014] The steering-wheel angle sensor 4 detects the
steering-wheel angle (the angle of steering operation) of
the host vehicle and outputs the detected steering-wheel
angle to the controller 1. The wheel speed sensor 6 de-
tects the speed of the host vehicle and outputs the de-
tected speed to the controller 1.

[0015] The spatial recognition sensor 7 is a sensor for
detecting objects around the host vehicle, which is, for
example, a laser range finder. The laser range finder
projects infrared laser light toward a target object and
measures the distance to the target object using the in-
tensity of the reflected light. The laser range finder ob-
tains the measured distance as point cloud information
and outputs the point cloud information to a sensor-in-
formation processing unit 104. Objects around the host
vehicle mean moving objects including other vehicles,
motorbikes, bicycles, and pedestrians and stationary ob-
jects including parked vehicles. Note that the spatial rec-
ognition sensor 7 is not limited to a laser range finder.
The spatial recognition sensor 7 only needs to detect the
distance to a target object and the presence of the target
object, and hence the spatial recognition sensor 7 may
be, for example, a clearance sonar utilizing ultrasonic, a
monocular camera, or a stereo camera having a pair of
cameras.

[0016] The input interface 8 is a device that receives
input from the occupant of the host vehicle. The input
interface 8 is, for example, a touch panel provided on the
display 9. Note that the input interface 8 may be a joystick
or an operation switch or may be a voice input device.
[0017] The controller 1 is circuitry that processes data
obtained from various sensors and is, forexample, a gen-
eral-purpose microcomputer including a central process-
ing unit (CPU), memory, and an input-output unit. A com-
puter program that causes the microcomputer to function
as the controller 1 is installed in and executed by the
microcomputer. This makes the microcomputer function
as the controller 1. Note that although here, description
is made of an example in which the controller 1 is imple-
mented by software, dedicated hardware for executing
information processes described below, as a matter of
course, may be used to configure the controller 1. The
controller 1 includes multiple information process cir-
cuits, which are a surrounding-image generation unit
101, an image display circuit 102, an icon storing unit
103, the sensor-information processing unit 104, a park-
ing-assistance calculation unit 105, and a turning deter-
mination unit 106. The image display circuit 102 includes
an assistance-image generation unit 1021, a display-
switching control unit 1022, and an image composition
unit 1023.

[0018] The surrounding-image generation unit 101
(surrounding-image generation circuit) sets a predeter-
mined virtual eyepoint and picture plane based on imag-
es of surroundings of the host vehicle captured by the
four cameras 2a to 2d and generates an image (down-
ward view image) thatlooks as ifthe host vehicle is looked
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down from above (toward the vehicle). Since how to gen-
erate the downward view image is a known technique,
detailed description thereof is omitted. Note that in the
present embodiment, the image described above does
not need to be a downward view image, but it may be
any image (surrounding image) that shows the surround-
ings of the host vehicle, such as a bird’s view image. Note
that besides the cameras of the host vehicle, the sur-
rounding-image generation unit 101 may receive images
captured by cameras provided in a parking lot or cameras
mounted on another vehicle via wireless communication
and generate a downward view image (surrounding im-
age). Note that in the present embodiment, in the case
where an image captured from above the host vehicle is
used, it is not necessary to use an image imitating the
host vehicle (a vehicle icon).

[0019] The sensor-information processing unit 104 es-
timates a travel path along which the host vehicle is to
travel, using information obtained from the spatial recog-
nition sensor 7. The sensor-information processing unit
104 estimates a parking area (parking spot) in the vicin-
ities of the estimated travel path. The sensor-information
processing unit 104 estimates the range in which the host
vehicle can travel based on the estimated travel path and
parking spots. The sensor-information processing unit
104 may detect parking spots using white lines on the
ground.

[0020] The turning determination unit 106 (turning de-
termination circuit) determines whether the host vehicle
is turning, using the steering-wheel angle obtained from
the steering-wheel angle sensor 4. The turning determi-
nation unit 106 outputs the determination result to the
display-switching control unit 1022.

[0021] The assistance-image generation unit 1021
generates assistance images for assisting parking. Note
that the assistance images may be stored in the icon
storing unit 103 in advance. In the case where the as-
sistance images are stored in the icon storing unit 103,
the assistance-image generation unit 1021 can read the
assistance images from the icon storing unit 103. The
assistance-image generation unit 1021 outputs the gen-
erated assistance images to the display-switching control
unit 1022.

[0022] The display-switching control unit 1022 deter-
mines whether to output an assistance image obtained
from the assistance-image generation unit 1021 to the
image composition unit 1023, based on the determination
result made by the turning determination unit 106. For
example, in the case where the steering-wheel angle is
larger than or equal to =180 degrees, the display-switch-
ing control unit 1022 outputs the assistance image to the
image composition unit 1023. Details will be described
later.

[0023] The image composition unit 1023 superimpos-
es the icon (an image imitating the host vehicle) obtained
from the icon storing unit 103 on the downward view im-
age generated by surrounding-image generation unit 101
to generate a composite image. In the case where the
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image composition unit 1023 obtains an assistance im-
age from the display-switching control unit 1022, the im-
age composition unit 1023 superimposes this assistance
image on the downward view image. The image compo-
sition unit 1023 outputs the composed image to the dis-
play 9.

[0024] The parking-assistance calculation unit 105 cal-
culates a control signal for the host vehicle based on
information inputted to the input interface 8, data ob-
tained by the sensor-information processing unit 104, the
steering angle detected by the steering angle sensor 3,
and the speed detected by the wheel speed sensor 6.
The parking-assistance calculation unit 105 outputs the
calculated control signal to the vehicle control ECU10.
[0025] The vehicle control ECU 10 automatically con-
trols driving of the actuator 11 on driving, braking, and
steering the host vehicle, based on the control signal and
the like obtained from the parking-assistance calculation
unit 105.

[0026] The display 9 is a device for displaying various
kinds of information for the occupant, which is, for exam-
ple, a display for navigation provided in the passenger
compartment.

[0027] Next, the parking-assistance calculation unit
105 will be described in detail with reference to Fig. 2.
Asillustrated in Fig. 2, the parking-assistance calculation
unit 105 includes a target-parking-spot setting unit 1051,
parking-start-position setting unit 1052, self-position es-
timation unit 1053, parking-trajectory generation unit
1054, parking-trajectory tracking-control unit 1055, and
target-speed generation unit 1056.

[0028] The target-parking-spot setting unit 1051 sets
the target parking position to a parking position that the
occupant input to the input interface 8. The target-park-
ing-spot setting unit 1051 outputs the set target parking
position to the parking-start-position setting unit 1052 and
the parking-trajectory generation unit 1054.

[0029] The parking-start-position setting unit 1052 de-
termines a parking method suitable for parking at the
target parking position and sets a parking start position
suitable for the determined parking method. Examples
of the parking method include parallel parking and per-
pendicular parking. The parking-start-position setting
unit 1052 outputs the set parking start position to the
parking-trajectory generation unit 1054.

[0030] The self-position estimation unit 1053 estimates
the current position of the host vehicle, based on detec-
tion data and the like of the wheel speed sensor 6 and
steering angle sensor 3. For a front-wheel-steering ve-
hicle traveling at a very low speed, it is common to use
a dead reckoning approach in which the position and
orientation of the host vehicle are estimated based on
the relationship between the travel distance of the center
of the rear wheel axle and the front-wheel steering angle.
The dead reckoning approach is useful for the case of
considering traveling in a limited section such as parking
operation. As another example, the self-position estima-
tion unit 1053 can also estimate the self-position based
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on the positional relationship of the host vehicle relative
to detection data detected by the spatial recognition sen-
sor 7, the positional relationship of the host vehicle rela-
tive to white lines on the ground captured by the cameras
2a to 2d and object recognition results, or the like. Alter-
natively, the self-position estimation unit 1053 may esti-
mate the absolute position of the host vehicle, in other
words, the position of the host vehicle relative to a spec-
ified reference point, using a position detection sensor.
The position detection sensor is a device mounted on
the host vehicle for measuring the absolute position of
the host vehicle using a global positioning system (GPS),
odometry, or the like. The self-position estimation unit
1053 outputs the estimated self-position to the parking-
trajectory tracking-control unit 1055.

[0031] The parking-trajectory generation unit 1054
generates a parking trajectory from the parking start po-
sition set by the parking-start-position setting unit 1052
to the target parking position. The parking-trajectory gen-
eration unit 1054 generates a parking trajectory, for ex-
ample, such that the number of forward and backward
movements and the amount of steering are minimized,
so that the occupant does not feel discomfort. The park-
ing-trajectory generation unit 1054 outputs the generated
parking trajectory to the parking-trajectory tracking-con-
trol unit 1055 and the target-speed generation unit 1056.
[0032] The parking-trajectory tracking-control unit
1055 generates a control signal for performing automatic
parking control along the parking trajectory, based on the
parking trajectory generated by the parking-trajectory
generation unit 1054 and the self-position estimated by
the self-position estimation unit 1053. For example, the
parking-trajectory tracking-control unit 1055 generates a
control signal related to the steering angle and the shift
position. The parking-trajectory tracking-control unit
1055 outputs the generated control signal to the vehicle
control ECU10.

[0033] The target-speed generation unit 1056 gener-
ates a control signal for performing automatic parking
control along the parking trajectory generated by the
parking-trajectory generation unit 1054. For example, the
target-speed generation unit 1056 generates a control
signal related to the speed (the amount of acceleration
and the amount of braking). The target-speed generation
unit 1056 outputs the generated control signal to the ve-
hicle control ECU10.

[0034] Thevehicle control ECU10 controls the actuator
11 based on the control signals generated by the parking-
trajectory tracking-control unit 1055 and the target-speed
generation unit 1056 to achieve automatic parking con-
trol.

(Operation Example of Parking Assistance Device)

[0035] Next, an operation example of a parking assist-
ance device will be described with reference to Figs. 3
to 4.

[0036] Inthe sceneillustrated in Fig. 3, the host vehicle
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22istraveling in a parking lot while searching foran empty
parking space 23. Road markings 30, 31, 32, and 33
illustrated in Fig. 3 are road markings provided on the
ground. The road markings 30, 31, and 33 show that the
vehicle is allowed to travel straight. The road marking 32
shows that the vehicle is allowed to turn right. Another
vehicle 21 illustrated in Fig. 3 is a parked vehicle. Note
that in the present embodiment, the time when the host
vehicle 22 is traveling in the parking lot means the time
when the host vehicle 22 is traveling on a road adjoining
empty parking spaces. On the other hand, the time when
the host vehicle 22 is parked in an empty parking space
is the time when the host vehicle 22 is at a standstill in a
parking space, which is different from the time when
traveling in a parking lot. In addition, the time when the
host vehicle 22 is traveling in a parking lot in the present
embodiment may include the time when traveling on
empty parking spaces. When the host vehicle 22 is
traveling in a parking lot, in the case where the road ad-
joining to an empty parking space is narrow or where the
host vehicle 22 and another vehicle pass by each other,
there is a case where the host vehicle 22 travels on empty
parking spaces.

[0037] Fig. 4 illustrates a downward view image 20
which is a view of the host vehicle 22 looked down from
above in the scene illustrated in Fig. 3. In the case where
the sensor-information processing unit 104 has detected
empty parking spaces 23 around the host vehicle 22 as
illustrated in Fig. 4, the turning determination unit 106
determines whether the host vehicle 22 is turning. For
example, when the steering-wheel angle is larger than
or equal to =180 degrees, the turning determination unit
106 determines that the host vehicle 22 is turning. When
the steering-wheel angle is smaller than =180 degrees,
the turning determination unit 106 determines that the
host vehicle 22 is not turning. Note thatin the case where
the host vehicle 22 is not turning in the present embod-
iment, the host vehicle 22 is traveling straight.

[0038] As illustrated in Fig. 4, when the turning deter-
mination unit 106 determines that the host vehicle 22 is
not turning, in other words, when the turning determina-
tion unit 106 determines that the host vehicle 22 is
traveling straight, the image composition unit 1023 dis-
plays assistance images 24 and 25 (first assistance im-
ages) at empty parking spaces 23. Also, when the turning
determination unit 106 determines that the state of the
host vehicle 22 has changed from turning to traveling
straight, the image composition unit 1023 displays the
assistance images 24 and 25 (the first assistance image)
at empty parking spaces 23. The assistance images 24
and 25 are images indicating that the parking space is
empty. The assistance image 25 shows that the parking
spaceis empty and also that this place is arecommended
parking space. The recommended parking space means,
for example, a space that is easy to park in. The recom-
mended parking space may be a space that requires a
shorter time to park there or may be a space the parking
trajectory to which is short. In addition, the recommended
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parking space may also be a space the parking trajectory
to which includes no sharp turn, a space into which re-
verse parking is possible, or a space that is easy to exit
from. The assistance image 24 only indicates that the
parking space is empty.

[0039] Since the assistance images 24 and 25 are dis-
played at the empty parking spaces 23 as described
above while the host vehicle 22 is traveling straight, the
occupant can easily understand that the empty parking
spaces 23 are empty. This allows the occupant to take
actions to park in a desired empty parking space. For
example, in the case where automatic parking control is
available as in the present embodiment, the occupant’s
touch on the assistance image 25 (recommended park-
ing space) initiates automatic parking control to the target
parking position.

[0040] Next, another operation example of the parking
assistance device will be described with reference to
Figs. 5to 6.

[0041] Inthe sceneillustrated in Fig. 5, the host vehicle
22 has traveled forward a little from the scene illustrated
in Fig. 3. In the scene illustrated in Fig. 5, it is assumed
that the host vehicle 22 is turning right and that the steer-
ing-wheel angle is larger than or equal to 180 degrees in
the clockwise direction.

[0042] The downward view image 20 corresponding to
the scene illustrated in Fig. 5 is illustrated in Fig. 6. In the
case where the sensor-information processing unit 104
detects empty parking spaces 23 around the host vehicle
22 as illustrated in Fig. 6, the turning determination unit
106 determines whether the host vehicle 22 is turning.
[0043] As illustrated in Fig. 6, when the turning deter-
mination unit 106 determines that the host vehicle 22 is
turning, the image composition unit 1023 does not display
the assistance image 24 or assistance image 25 illustrat-
ed in Fig. 4 on the downward view image 20. In other
words, when the host vehicle 22 is turning, the image
composition unit 1023 prohibits the assistance image 24
or the assistance image 25 from being displayed. The
reason is that when the host vehicle 22 is turning, the
sensor-information processing unit 104 may erroneously
detect the states of empty parking spaces 23. The erro-
neous detection of the state of an empty parking space
23 means, for example, detecting a space that is not an
empty parking space 23, as an empty parking space.
When the host vehicle 22 is turning, for example, the
motion of a camera positioned far from the turning center
is faster than the motion of a camera positioned near the
turning center. Thus, the accuracy of acamera positioned
far from the turning center may be low. For this reason,
a camera positioned far from the turning center may er-
roneously detect the state of an empty parking space 23.
In addition, when the host vehicle 22 is turning, an object
(including a parking space) nearer to the host vehicle 22
moves faster on an image, making it difficult to detect the
object using an image. Thus, in the case where cameras
are used as the sensor-information processing unit 104,
the sensor-information processing unit 104 may errone-
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ously detect the state of an empty parking space 23. This
is also areason of the prohibition. In addition, in the case
where cameras are used as the sensor-information
processing unit 104, the farther from the host vehicle 22
an object is, the poorer the resolution of the object is.
Thus, it is difficult to detect an object far from the host
vehicle 22, and it is more difficult to detect an object far
from the host vehicle 22, moving on an image while the
host vehicle 22 is turning. For these reasons, the image
composition unit 1023 prohibits the assistance image 24
or the assistance image 25 from being displayed when
the host vehicle 22 is turning.

[0044] In addition, since the accuracy of a camera po-
sitioned far from the turning center is low, the positional
deviation of the assistance images 24 and 25 may be
large when they are displayed. When the image compo-
sition unit 1023 displays the assistance images 24 and
25 at the empty parking spaces 23, first the image com-
position unit 1023 recognizes the empty parking spaces
23 in the downward view image 20. Next. the image com-
position unit 1023 displays the assistance images 24 and
25 atthe recognized empty parking spaces 23. If the host
vehicle 22 moves when the image composition unit 1023
performs the processing above, the empty parking spac-
es 23 recognized by the image composition unit 1023 in
the downward view image 20 also move. Specifically, the
image composition unit 1023 recognizes the empty park-
ing spaces 23, and at the next moment when the image
composition unit 1023 is about to display the assistance
images 24 and 25 at the recognized empty parking spac-
es 23, the recognized empty parking spaces 23 move.
In this way, a time lag occurs between the time when the
image composition unit 1023 recognizes the empty park-
ing spaces 23 and the time when the image composition
unit 1023 displays the assistance images 24 and 25 at
the recognized empty parking spaces 23. This time lag
may cause positional deviation between the positions of
the empty parking spaces 23 and the positions of the
assistance images 24 and 25. When the host vehicle 22
is turning, there is a case where the positional deviation
in the display is large because the accuracy of a camera
positioned far from the turning center is low. This makes
it difficult for the image composition unit 1023 to display
the assistance images 24 and 25 at appropriate posi-
tions. In addition, since the accuracy of a camera posi-
tioned far from the turning center is low when the host
vehicle 22 is turning, the road marking 31 and the road
marking 32 illustrated in Fig. 5 may be erroneously de-
tected as markings of parking spots.

[0045] Since the sensor-information processing unit
104 may erroneously detect the states of the empty park-
ing spaces 23 as above when the host vehicle 22 is turn-
ing, the image composition unit 1023 prohibits the assist-
ance images 24 and 25 from being displayed at the empty
parking spaces 23. This prevents the image composition
unit 1023 from providing wrong information to the occu-
pant. Note that although in the example illustrated in Fig.
6, description has been made of prohibiting the assist-
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ance images 24 and 25 from being displayed, the present
invention is not limited to this operation. For example,
when the host vehicle 22 is turning, the image composi-
tion unit 1023 may prohibit marking of parking spots 27
illustrated in Fig. 6 from being displayed.

[0046] Next, another operation example of the parking
assistance device will be described with reference to Fig.
7.

[0047] ThesceneillustratedinFig.7isasceneinwhich
the state of the host vehicle 22 has just changed from
turning to traveling straight. When the state of the host
vehicle 22 has just changed from turning to traveling
straight, the image composition unit 1023 prohibits the
assistance images 24 and 25 from being displayed at an
empty parking space 28 positioned behind the host ve-
hicle 22. This is because the empty parking space 28
can be aresult of erroneous detection because the empty
parking space 28 is an empty parking space detected
when the host vehicle 22 was turning. On the other hand,
for the empty parking spaces 29 detected when the host
vehicle 22 was traveling straight, the image composition
unit 1023 displays the assistance images 24 and 25.
[0048] Although in the above operation example, two
types of empty parking space, the recommended parking
space and the merely empty parking space, have been
taken and described as examples, the type of empty park-
ing space is not limited to these types. The empty parking
spaces may include the empty parking space that meets
parking conditions inputted by the occupant in advance.
Hereinafter, an empty parking space that meets parking
conditions inputted by the occupant in advance is simply
referred to as a parking target. The types of empty parking
space can be categorized depending on whether a park-
ing space meets a specified condition. For example, if a
parking space meets the condition that it is empty, the
parking space is regarded as an empty parking space. If
a parking space meets the condition for being recom-
mended, the parking space is regarded as arecommend-
ed parking space. If a parking space meets a parking
condition inputted by the occupant in advance, the park-
ing space is regarded as a parking target. In the case
where the host vehicle 22 has detected a parking target,
the image composition unit 1023 displays an assistance
image at the parking target, and the assistance image
displayed in this case should preferably be an assistance
image different from the assistance image 24 or the as-
sistance image 25. As a matter of course, the assistance
image displayed at a parking target may be the assist-
ance image 24 or the assistance image 25.

[0049] Although in the above operation example, the
image composition unit 1023 prohibits the assistance im-
ages 24 and 25 from being displayed at empty parking
spaces when the host vehicle 22 is turning, the present
invention is not limited to this operation. The image com-
position unit 1023 may prohibit the assistance images 24
and 25 from being displayed depending on the type of
empty parking space. In other words, the image compo-
sition unit 1023 may display the assistance images 24
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and 25 depending on the type of empty parking space.
For example, in the case where a parking target and a
merely empty parking space are detected when the host
vehicle 22 is turning, the image composition unit 1023
may prohibit an assistance image from being displayed
at the parking target and may display an assistance im-
age 24 at the merely empty parking space. Since the
parking target is a parking space preferred to the occu-
pant, the image composition unit 1023 only prohibits an
assistance image from being displayed at the parking
target, so that it is possible to prevent wrong information
from being provided to the occupant. In the case where
a parking target, a recommended parking space, and a
merely empty parking space are detected when the host
vehicle 22 is turning, the image composition unit 1023
may only prohibit an assistance image from being dis-
played at the parking target and may display the assist-
ance image 25 at the recommended parking space and
display the assistance image 24 at the merely empty
parking space.

[0050] Next, an operation example of the parking as-
sistance device will be described with reference to flow-
charts of Figs. 8A and 8B.

[0051] At step S101, the sensor-information process-
ing unit 104 searches for empty parking spaces based
on information obtained from the spatial recognition sen-
sor 7. The process proceeds to step S103, at which if the
sensor-information processing unit 104 detects an empty
parking space around the host vehicle 22 (Yes at step
S103), the process proceeds to step S105. At step S103,
if the sensor-information processing unit 104 does not
detect an empty parking space around the host vehicle
22 (No at step S103), the process keeps waiting.
[0052] Atstep S105, the turning determination unit 106
determines whether the host vehicle 22 is turning. For
example, in the case where the steering-wheel angle is
larger than or equal to = 180 degrees, the turning deter-
mination unit 106 determines that the host vehicle 22 is
turning. If the turning determination unit 106 determines
that the host vehicle 22 is turning (Yes at step S105), the
process proceeds to step S107, where the image com-
position unit 1023 does not display the assistance image
24 or 25 at empty parking spaces 23. The reason is that
the sensor-information processing unit 104 may errone-
ously detect the states of empty parking spaces 23 when
the host vehicle 22 is turning.

[0053] On the other hand, if the turning determination
unit 106 determines that the host vehicle 22 is traveling
straight (No at step S105), the process proceeds to step
S109, where the image composition unit 1023 displays
the assistance images 24 and 25 at empty parking spac-
es 23 as illustrated in Fig. 4. This makes it easy for the
occupant to understand that the empty parking spaces
23 are empty.

[0054] The process proceeds to step S115, where if
the occupant selects a desired empty parking space via
the input interface 8 (Yes at step S115), the process pro-
ceedstostep S117. On the other hand, if there is no input
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from the occupant, the process returns to step S103.
[0055] At step S117, the target-parking-spot setting
unit 1051 sets the target parking position to the empty
parking space selected by the occupant. The parking-
start-position setting unit 1052 determines the parking
method and sets a parking start position suitable for the
determined parking method. Note that in this flowchart,
description is made assuming that the parking method
is reverse parking. After that, the process proceeds to
step S119, where the parking-trajectory generation unit
1054 generates a parking trajectory from the parking start
position set at step S117 to the target parking position.
Next, the process proceeds to step S121, where the ve-
hicle control ECU10 starts the automatic parking control.
[0056] Next,the process proceedsto step S123, where
the self-position estimation unit 1053 determines wheth-
er the host vehicle 22 has reached the position at which
the shift position is to be switched. If the host vehicle 22
has reached the position at which the shift position is to
be switched (Yes at step S123), the process proceeds
to step S125, where the vehicle control ECU10 performs
shift switching control. After that, the vehicle control
ECU10 continues the automatic parking control, and the
process proceeds to step S127. On the other hand, if the
host vehicle 22 has not reached the position at which the
shift position is to be switched (No at step S123), the
process keeps waiting. At step S127, the self-position
estimation unit 1053 determines whether the host vehicle
22 has reached the target parking position. If the host
vehicle 22 has reached the target parking position (Yes
atstep S127), the process proceeds to step S129, where
the vehicle control ECU10 performs control such as
changing the shift position to the parking position, and
then the automatic parking control ends.

(Operational Advantage)

[0057] As has been described above, the parking as-
sistance device according to the present embodiment
provides the following operational advantages.

[0058] When the sensor-information processing unit
104 detects an empty parking space 23 around the host
vehicle 22, the turning determination unit 106 determines
whether the host vehicle 22 is turning. In the case where
the turning determination unit 106 determines that the
host vehicle 22 is turning, the image composition unit
1023 prohibits the assistance images 24 and 25 from
being displayed at empty parking spaces 23 in the down-
ward view image 20 as illustrated in Fig. 6. This prevents
the parking assistance device from providing wrong in-
formation to the occupant even if the sensor-information
processing unit 104 erroneously detects the states of
empty parking spaces 23.

[0059] In the case where the state of the host vehicle
22 has switched from turning to traveling straight, the
assistance images 24 and 25 are displayed at the posi-
tions of empty parking spaces. Since it is possible to pro-
vide the assistance images to the occupant in the state
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where it is unlikely to provide wrong information to the
occupant, the occupant can understand the states of the
parking spaces accurately.

[0060] In the case where the state of the host vehicle
22 has changed from turning to traveling straight as il-
lustrated in Fig. 7, the image composition unit 1023 pro-
hibits the assistance images 24 and 25 from being dis-
played at the empty parking space 28 which is positioned
behind the host vehicle 22 just after the state change.
This prevents the parking assistance device from provid-
ing wrong information to the occupant even when the
sensor-information processing unit 104 erroneously de-
tects the state of the empty parking space 28.

[0061] In the case where the turning angle of the host
vehicle 22 is larger than or equal to a specified value, the
turning determination unit 106 determines that the host
vehicle 22 is turning. Since the image composition unit
1023 prohibits the assistance images 24 and 25 from
being displayed in the case where the turning angle of
the host vehicle 22 is larger than or equal to a specified
value, it is possible to prevent the parking assistance
device from providing wrong information to the occupant.
Note that the turning angle of the host vehicle 22 may be
determined from the steering-wheel angle or the steering
angle.

(Other Embodiments)

[0062] Although an embodiment of the present inven-
tion has been described as above, it should not be un-
derstood that the descriptions and drawings constituting
part of this disclosure limit this invention. From this dis-
closure, various alternative embodiments, examples,
and operational techniques will be apparent to those
skilled in the art.

[0063] Althoughinthe present embodiment, the image
composition unit 1023 prohibits the assistance images
24 and 25 from being displayed at empty parking spaces
23 when the host vehicle 22 is turning, the image com-
position unit 1023 may display, for example, an assist-
ance image 26 (second assistance image) at a certain
position different from the position of the empty parking
space 23, as illustrated in Fig. 9. The assistance image
26 is an image for indicating that an empty parking space
23 has been detected around the host vehicle 22. Be-
cause the assistance image 26 is not an image indicating
an empty parking space 23 itself, the assistance image
26 is displayed at a position different from that of the
empty parking space 23. Displaying the assistance im-
age 26 at a position different from that of the empty park-
ing space 23 enables the occupant to easily understand,
by seeing the assistance image 26, that there is an empty
parking space 23.

[0064] When the state of the host vehicle 22 has
changed from turning to traveling straight, the image
composition unit 1023 deletes the assistance image 26.
As has been already described above, in the case where
empty parking spaces have been detected when the host
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vehicle 22 is traveling straight, the image composition
unit 1023 displays the assistance images 24 and 25 at
empty parking spaces. Hence, when the host vehicle 22
is traveling straight, the assistance image 26 is not nec-
essary. Accordingly, when the state of the host vehicle
22 has changed from turning to traveling straight, the
image composition unit 1023 deletes the assistance im-
age 26. Although in the present embodiment, the assist-
ance image 26 illustrated in Fig. 9 is represented in a
quadrangle shape, and the assistance images 24 and 25
illustrated in Fig. 4 are each represented in a round
shape, the shapes are not limited to these examples. The
assistance image 26 and the assistance images 24 and
25 may have any shape that can be distinguished one
from the others. Note that the image composition unit
1023 may make the color of the assistance image 26
fainter (for example, gray), instead of deleting the assist-
ance image 26.

[0065] As an alternative, the turning determination unit
106 may determine whether the host vehicle 22 is turning,
based on to the steering-wheel angle and the speed. For
example, the turning determination unit 106 may deter-
mine that the host vehicle 22 is turning in the case where
the steering-wheel angle is larger than or equal to =180
degrees and where the speed of the host vehicle 22 is
larger than or equal to 3 km/h. In this way, the image
composition unit 1023 prohibiting the assistance images
24 and 25 from being displayed in the case where the
steering-wheel angle of the host vehicle 22 is larger than
or equal to a specified value and where the speed of the
host vehicle 22 is larger than or equal to a specified value
(second specified value) prevents the parking assistance
device from providing wrong information to the occupant.
Even if the steering-wheel angle is larger than or equal
to =180 degrees, if the speed of the host vehicle 22 is
lower than 3 km/h, the turning determination unit 106 may
determine that the host vehicle 22 is not turning. In the
case where the steering-wheel angle is smaller than
+180 degrees, the turning determination unit 106 may
determines that the host vehicle 22 is not turning, regard-
less of the speed of the host vehicle 22. Note that the
numerical values of =180 degrees and 3 km/h are mere
examples. Thus, the present invention is not limited to
these values, but the values can be changed as appro-
priate.

[0066] Note thatinthe presentembodiment, the driving
mode at the time when the sensor-information process-
ing unit 104 searches for an empty parking space may
be either manual driving by the occupant or automated
driving.

REFERENCE SIGNS LIST

[0067]

1 controller

2ato2d camera

3 steering angle sensor
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4 steering-wheel angle sensor
6 wheel speed sensor
7 spatial recognition sensor
8 input interface
9 display
11 actuator
101 surrounding-image generation unit
102 image display circuit
103 icon storing unit
104 sensor-information processing unit
105 parking-assistance calculation unit
106 turning determination unit
1021 assistance-image generation unit
1022 display-switching control unit
1023 image composition unit
Claims
1. A parking assistance method for a parking assist-
ance device that searches for an empty parking
space that meets a specified condition around a mo-
bile object and displays a first assistance image at
a position of the empty parking space in a surround-
ing image that is a view of an area including the mo-
bile object from above, the first assistance image
indicating the empty parking space, the parking as-
sistance method comprising:
determining whether the mobile object is turn-
ing; and
in a case where it is determined that the mobile
object is turning, prohibiting the first assistance
image from being displayed.
2. The parking assistance method according to claim
1, further comprising
in a case where the state of the mobile object has
changed from turning to traveling straight, displaying
the first assistance image at the position of the empty
parking space.
3. The parking assistance method according to claim
1 or 2, further comprising
in a case where the state of the mobile object has
changed from turning to traveling straight, prohibiting
the first assistance image from being displayed at
the empty parking space positioned behind the mo-
bile object just after the state change.
4. The parking assistance method according to any one

of claims 1 to 3, further comprising:

detecting a turning angle of the mobile object;
and

in a case where the turning angle of the mobile
object has become larger than or equal to a
specified value, prohibiting the first assistance
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image from being displayed.

The parking assistance method accordingtoanyone
of claims 1 to 4, further comprising:

detecting a turning angle of the mobile object
and a speed of the mobile object; and

in a case where the turning angle of the mobile
object is larger than or equal to a specified value
and where the speed of the mobile object is larg-
er than or equal to a second specified value,
prohibiting the first assistance image from being
displayed.

The parking assistance method accordingtoany one
of claims 1 to 5, further comprising

in a case where the empty parking space has been
detected when the mobile object is turning, display-
ing a second assistance image at a certain position
differentfromthe position of the empty parking space
in the surrounding image, the second assistance im-
age indicating that the empty parking space has
been detected.

The parking assistance method according to claim
6, further comprising

in a case where the mobile object starts traveling
straight when the second assistance image is being
displayed, deleting the second assistance image.

A parking assistance method for a parking assist-
ance device that, in a case where a mobile object is
traveling in a parking lot to search for an empty park-
ing space that meets a specified condition around
the mobile object, displays a first assistance image
at a position of the empty parking space in a sur-
rounding image that is a view of an area including
the mobile object from above, the first assistance
image indicating the empty parking space, the park-
ing assistance method comprising:

determining whether the mobile object is turn-
ing; and

in a case where it is determined that the mobile
object is turning, prohibiting the first assistance
image from being displayed.

A parking assistance device comprising:

asurrounding-image generation circuit that gen-
erates a surrounding image that is a view of sur-
roundings of a mobile object from above;

an image display circuit that displays a first as-
sistance image at a position of an empty parking
space in the surrounding image, the first assist-
ance image indicating the empty parking space;
and

a turning determination circuit that determines
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whether the mobile object is turning, wherein
in a case where it is determined by the turning
determination circuit that the mobile object is
turning, the image display circuit prohibits the
first assistance image from being displayed.
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FIG. 8A
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